Background. Saccharum officinarum is the most significant resource for sugar and high-yield genes in sugarcane breeding programs. However, the unknown information of evolution and genome organization remain largely in the sugarcane, which has limited progress in sugarcane breeding. Retrotransposons occupy a large proportion of the plant genome; therefore, characterization of Ty1-copia retrotransposons will improve understanding of the evolution and organization of plant genomes.
109 bromide method (Doyle 1987) . DNA quality was evaluated by 1% agarose gel electrophoresis. 110 111 Polymerase chain reaction (PCR) and cloning 112 To amplify highly conserved partial sequences of Ty1-copia retrotransposon RT genes, 113 degenerate primers (forward: 5'-ACNGCNTTYYTNCAYGG-3'; reverse: 5'-114 ARCATRTCRTCNACRTA-3') were used according to a previous report . 115 PCR amplification was carried out in a BIO-RAD T100™ Thermal Cycler (Bio-Rad, Hercules, 116 CA, USA). In a total reaction volume of 25 μL, containing 30-50 ng of DNA, 10 nM of each of 117 the primers forward and reverse, 0.2 mmol/l of dNTP, 2.5 mmol/l of MgCl2 and 1 U of Taq 118 polymerase (Takara, Tokyo, Japan). PCR conditions included an initial denaturation at 94 ℃ for 119 4 min, followed by 35 cycles of 94 ℃ for 30 s, annealing at 45 ℃ for 45 s, extension at 72 ℃ for 120 20 s, with final elongation step at 72 ℃ for 5 min. PCR products were purified using a Qiaquick 121 Gel Extraction Kit (Qiagen, Germany), cloned in a pMD19-T vector (Takara, Tokyo, Japan), and 122 then transformed into the DH5a strain of Eschericia coli. Positive colonies were further 123 confirmed by PCR, then all results were sequenced by Beijing Genomics Institute Co., Ltd. 124 (Shenzhen, China). In total, 42 Ty1-copia RT sequences were deposited in the GenBank 125 database (accession no. MH603333-MH603374) and designated as SoffTy1-copia-1 to -42. All purified plasmids clones and PCR products Ty1-copia RT sequences in S. officinarum 147 was estimated by quantitative dot blot hybridization protocol followed the procedure of (Huang For mitotic chromosome accumulation, the fresh root were harvested and treated with 2 mM 155 8-hydroxyquinoline at 30 °C for 18 h, 2.5 µM Amiprophos-methyl at 30 °C for 2h, and ddH 2 O at 156 30 °C for 6h and then fixed in 3:1 (v/v) ethanol:acetic acid. The meristematic cells of root tips 157 were digested in an enzyme solution containing 3% Onozuka R10 cellulose, 0.5% pectolyase Y-158 23, and 1% pectinase at 37 ℃ for 90 min. Then the meristematic cells of no wall were squashed 159 on a clean slide, quality of cells was checked under a phase contrast microscope and stored in at -160 20 °C until use. FISH according to the procedures were described by (Jiang et al. 1995) with 161 minor modifications. The PCR products of Ty1-copia RT domain were labeled with 162 digoxigenin-11-dUTP (DIG). 45S ribosomal DNA (rDNA) were labeled with biotin-16-dUTP 164 Zeiss, Gottingen, Germany). Photographs were captured and analyzed using Axio imaging 165 software, Photoshop CS6 software was used to obtain optimal experimental images.
167 Results
168 Cloning and Analysis of Ty1-copia retrotransposon RT sequences in S. officinarum 169 Degenerate primers have been widely used to amplify fragment of theTy1-copia RT domain 170 in many plant species (Flavell et al. 1992 ; Kumar et al. 1997 ). We designed a pair of degenerate 171 primers to the highly conserved sequence were used to amplify the Ty1-copia RT sequences.
172 After purification and cloning, a total of 42 independent clones were randomly selected for 173 sequencing. Sequences were found to have lengths around 260 bp. Ty1-copia RT sequences 174 were AT-rich, with 59% mean A/T content (Table 1) . All fragments were the same size, initially 175 demonstrating that Ty1-copia RT sequences are abundant in S. officinarum genomes.
176
BLAST comparisons of the obtained 42 Ty1-copia RT sequences with those in GenBank 177 revealed their homology with known Ty1-copia RT sequences from other plants. High 178 nucleotide sequence similarity (range, 39-100%; mean, 77%) was observed among isolated RT 179 sequences (Table 1) . All Ty1-copia RT sequences were translated into amino acid sequences 180 with sequences exist conserved domain motifs upstream TAFLHG, central SLYGLKQ, and 181 downstream YVDDM. Analysis of the amino acid homology of the amplified RT fragments also 182 revealed higher homology (mean, 66%) among Ty1-copia RT fragments (Fig 1) .
184 Phylogenetic analysis of Ty1-copia retrotransposon RT sequences 185
To study the relationships among the 42 obtained Ty1-copia RT sequences in the S. 186 officinarum genome, a neighbor joining tree was constructed. After translation and further 187 alignment of the amino acid sequence to observe divergence, Ty1-copia RT sequences were 188 edited for frameshift mutations within their coding regions, and gaps were introduced to retain 189 ORFs. Eleven of the 42 sequences (26%) contained premature stop codons and/or 216 Chromosomal distribution of Ty1-copia retrotransposon RT sequences in S. officinarum 217 The chromosomal distribution of Ty1-copia elements was determined using FISH. Ty1-218 copia element hybridization signals have been shown to be unevenly distributed on metaphase 219 chromosomes and interphase nuclei. 
225
Further analysis of Ty1-copia retrotransposon distribution patterns in the S. officinarum 226 genome and selection of potential chromosomal markers was done using biotin-labeled 45S 227 rDNA as a probe. FISH results showed no colocalization between 45S rDNA and Ty1-copia 228 element hybridization signals in metaphase chromosomes of S. officinarum (Fig 4) . These 295 officinarum. Although Ty1-copia retrotransposons are abundant in S. officinarum, we found that 296 about 26% were defective sequences, while the remaining 31 fragments (74%) were integrity 297 ORFs (Table 1) . The presence of mutations, such as frameshift and those introducing stop 298 codons, in Ty1-copia retrotransposon coding regions results in their being unable to 299 autonomously transpose in host genomes. (Ma et al. 2008; Navarro-Quezada & Schoen 2002) . 300 The chromosomal distribution of Ty1-copia retrotransposons has been studied in many plant 301 species in metaphase and interphase chromosomes using Ty1-copia RT sequences as FISH (Huang et al. 2017 ). In the 308 present study, Ty1-copia retrotransposons in S. officinarum were found to be dispersed in 309 heterochromatic regions, with strong signals at the terminal regions of most chromosomes (Fig   310 3) . However, Ty1-copia retrotransposons were not found in nucleolar organizing regions of 45S 311 rDNA (Fig 4) . This indicates that Ty1-copia retrotransposons have higher copy numbers in distal 312 chromosome regions. This unique distribution pattern could be used as potential chromosomal 313 marker, providing important information for dissecting the genomic structure of S. officinarum. The present study is the first to extensively study the phylogenetic diversity, genomic 317 abundance, and chromosomal distribution of Ty1-copia retrotransposon RT sequences in S. 318 officinarum. A total of 42 Ty1-copia RT sequences were isolated and characterized, with high 319 levels of heterogeneity and four evolutionary lineages (Tork/TAR, Tork/Angela, Sire/Maximus, 320 and Retrofit/Ale). There copy numbers were found to be as high as 1.7 × 10 5 in the genome of S. 321 officinarum, and 26% of sequences were disrupted by stop codons and/or frameshift mutations.
322 Ty1-copia retrotransposons were dispersed throughout heterochromatic regions of chromosomes, 323 with around 30 obvious signals clustering in terminal regions. However, Ty1-copia 
